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Keywords: AMMI analysis, genotype by environment interaction, onion, organic agriculture INTRODUCTION Onion (Allium cepa L.) is a plant species of great nutritive and economic significance. It is the second most cultivated vegetable in the world, with approximately 4 million ha of the occupied area and annual harvested yield of 80 million tons. In Serbia, the crop is grown on about 5 thousand ha and the total production amounts to 37 tons. Besides for the distinctive flavor and technological properties making the vegetable essential in cuisines of many nations and regions all over the world, onion is also valued as potentially beneficial to human health. On the other hand, the raised public awareness of the importance of the overall environmental protection and therefore the quality of the consumed food has led to the increased demand for the food coming from the sources other than the conventional, which are traditionally associated to intensive use of synthetic fertilizers and pesticides. Consequently, together with other forms of sustainable production, organic agriculture emerged as an environmentally friendly source of high quality food.
However, despite of the increasing demand for organically produced food; the crop areas maintained by the principles of the production system are still comparatively small, both in the region and in the world. For example, organic crops account for approximately 5.7% of the total agricultural area of the European Union. The differences among the member countries are still pronounced; ranging from only 0.3 and 0.8% in Malta and Bulgaria to even 18.6% in Austria. Organically maintained crops in Serbia occupy 0.15% of the total agricultural land. One of the most important causes for the modest proportion of organically cultivated land is often substantially lower crop yield, when compared to the yield from conventional farming systems. As an illustration, the average yields of the organic onion grown in an agriculturally developed Netherlands reach only 50-60% of the conventional. This is primarily related to comparatively low nitrogen input, differences between conventional and organic systems in terms of nitrogen availability throughout the season, difficulties in coping with weeds and diseases. In addition, the great majority of the onion cultivars grown by the principles of organic agriculture are developed in and attended for the conditions of intensive production. At the moment there is no organic onion cultivar, which emphasize the need for detail analysis of the performance of the available material in the conditions of organic farming (GRIFFITHS et al., 2002; OSMAN et al., 2008; PAVLOVIĆ et al., 2011; BRDAR-JOKANOVIĆ et al., 2012; LAMMERTS VAN BUEREN et al., 2012; DŽIGURSKI et al., 2013; KOCIĆ-TANACKOV et al., 2013; MAGGIO et al., 2013; EUROSTAT, 2014; MINISTRY OF AGRICULTURE AND ENVIRONMENT, 2014; FAO, 2015; RZS, 2015; VLAJIĆ et al., 2015) .
The study was undertaken to assess the stability of bulb weight and number plot -1 as the most important yield components, as well as several other yield contributing characteristics of commercial onion cultivars grown in conventional and organic environments, by employing additive main effect and multiplicative interaction (AMMI) statistical model in data analysis. The results should help onion breeders to establish selection strategy in the experiments set with the aim to improve productivity in organic environments.
MATERIALS AND METHODS
Five onion genotypes (cultivars Jasenički crveni, Jasenički žuti, Majski srebrnjak, Holandski žuti and Zlatno gnezdo) were sown in the two-year (2009, 2010) complete randomized block designed and replicated field experiment set at the Institute for Vegetable Crops, Smederevska Palanka, Serbia. The experiment included conventionally and organically grown onion. Conventional plots were maintained in a manner which is common in the region, i.e. fertilized with NPK (500 kg ha -1 , prior to sowing) and treated with pesticides as needed. Organic plots were in three variants: unfertilized, fertilized with fully decomposed farmyard manure (45 t ha -1 , prior to sowing) and with bacterial fertilizer (Bacillus megaterium, Bacillus licheniformis, Bacillus suptilis, Azotobacter chrocoocum, Azotobacter vinelandi, Derxia sp., applied foliar twice throughout the growing season). Organic plots were kept free from weeds by hand-weeding, and all plots were irrigated as needed. Sowing and harvest were performed at optimal times (March, July). Main plot was of 2 m 2 surface, consisting of 3 rows, spaced 20 cm and long 5 m. Soil type was vertisol. Weather data was collected from the station located near the plots. The seasons in which the experiment was conducted were characterized by higher sums of temperatures and precipitation, in comparison to long-term averages (not shown).
The following traits were analyzed in the samples of 30 plants per plot: bulb weight (g), number of bulbs plot -1 , bulb diameter (cm), bulb height (cm), bulb index, neck diameter and length (cm), plant height (cm), emergence (accumulated growing degree days from sowing to emergence, gdd) and vegetation period (gdd from emergence to maturity). Growing degree days are the sums of the average daily temperatures for the corresponding periods.
The results were processed by additive main effect and multiplicative interaction (AMMI) analysis, with each year by treatment combination being considered as an environment. The model is based on the number of axes of the main components and it is displayed graphically in the form of biplots. AMMI1 biplot is comprised from the main effects shown on the abscissa and the first principal component shown on the ordinate, while AMMI2 biplot illustrates the first (PC1) and second (PC2) principal component ratio (GAUCH, 2006; GAUCH et al., 2008) . In order to range the genotypes with respect to stability, AMMI stability values (ASV) were calculated (PURCHASE et al., 2000) according to the formula: ASV =
SS -sum of squares
The calculations were performed using R software, 2.15.2 version (R DEVELOPMENT CORE TEAM, 2005).
RESULTS AND DISCUSSION
Bulb weight and the realized bulb set per unit area are the components that directly determinate onions yield, implying the importance of the traits for both breeders and producers (PAVLOVIĆ et al., 2015) . According to the analysis of variance of AMMI model for onion bulb weight and number plot -1 harvested from the conventionally and organically maintained plots in the two-year field trial, all sources of variation were highly significant (Table 1 , 2). The largest proportion of the total sum of squares referred to the environments (89.91 and 53.49% for bulb weight and number plot -1 , respectively), which was somewhat expected since the applied treatments represent extremely different variants of fertilization; on the other hand, all the analyzed genotypes are widely grown cultivars adapted to local agro-ecological conditions. The effect of the genotype by environment interaction accounted for 5.67 and 15.52% of the total sum of squares, falling in the range commonly reported for multi-environment yield trials of various agricultural plants. Similarly to the results obtained for the main yield components, all sources of variation from AMMI model ANOVA performed for the other analyzed traits of agronomic importance were highly significant (Table 3) ; however their proportion in the total sum of squares differed for the individual traits. Vegetation period, bulb diameter, neck diameter, bulb height and plant height were primarily influenced by the environments (in the range from 99.25 to 77.67%, respectively), while the largest proportion of the total sum of squares for emergence and bulb index (67.26 and 52.54%, respectively) accounted for the genotypes. Accordingly, the effects of the production systems on onions were more pronounced in later phases of plant development. Despite of the significant environmental effects on both bulb height and diameter; bulb index, as an important cultivar characteristic, remained preserved in different production systems. The genotype by environment interaction encompassed the largest proportion of the total sum of squares for neck length (44.59%), and the smallest (0.20%) for vegetation period. Both traits are recognized as important by organic breeders and growers, since longer onion neck length contributes to earliness which is a desirable onion trait (TIEMENS-HULSCHER et al., 2006; BABIĆ et al., 2010; MARJANOVIĆ-JEROMELA et al., 2011; BOSE et al., 2014; MIROSAVLJEVIĆ et al., 2014) . The interaction was further partitioned into principal components, of which the first two were highly significant for both analyzed direct yield components. In addition, since the sums of squares of the first two PCs encompassed 96.84 and 87.17% of the total (for bulb weight and number plot-1 , respectively), the model with two axes was concluded as the best model. For the same reason, the same model was the best for other traits of agronomic importance, although in most cases more than two principal components were highly significant (GAUCH, 2006; YAN et al., 2007; GAUCH et al., 2008) . The first two components, i.e. the interaction, are graphically displayed as AMMI2 model biplots (Figure 1 ). Biplot methods are commonly used for visualizing the response of the genotypes to multiple treatments and seasons (YAN and TINKER, 2006; GIREK et al., 2015; SIKORA et al., 2016; BRDAR-JOKANOVIĆ et al., 2017) . Genotypes and environments of the same sign of the same principal component (eider positive or negative) are positively associated; vice versa, the opposite sign implies the negative interaction. The position close to the biplot origin indicates high stability. As depicted for bulb weight; out of five onion genotypes analyzed, only Jasenički crveni expressed high bulb weight stability across the range of organic and conventional fertilizer treatments applied in the two years of the experiment, while all other cultivars exhibited narrower adaptability to particular environments. However, the mentioned stable genotype coincidently had the lowest bulb weight, while the genotype Majski srebrnjak which achieved the highest bulb weight in the trial ranged the lowest with the respect to stability. Concerning the number of bulbs plot -1 , Zlatno gnezdo, Holandski žuti and Jasenički crveni were of similar however not particularly high stability, while the remaining two genotypes were even less stable (Table 4) . Similar ranking of genotypes in terms of means and stability was noted for the majority of the investigated traits of agronomic importance. On the average of eight traits, Majski srebrnjak and Jasenički žuti had the highest mean, and the lowest stability values. Vice versa, Jasenički crveni and Holandski žuti were of the lowest means and highest stability ( Table 5 ). The phenomenon is common and it was reported for the yields and yield-related traits of many agricultural plants (e.g. GIREK et al., 2013; LAKIĆ et al., 2015) . Concerning bulb weight, the acute angle noticeable between the conventional treatments means the similarity in the trait expression in the two years of the experiment, indicating significant role of optimizing mineral fertilization in the formation of yield components and therefore the stable yield (KUMAR et al., 2007; GAVIOLA and LIPINSKI, 2008) . The vector angles between the organic treatments allocated in the upper right positive quadrant were also acute implying similarity in the bulb weights of the onions from the unfertilized and manure-fertilized plots. On the other hand; the obtuse angles between the conventional and the organic treatments refer to the significantly different bulb weights. The exception was bacterial treatment which was more similar to the conventional in both years of the experiment. However, bacterial treatments applied in the two consecutive years were not associated. As expected, the highest bulb weight was measured from the plots fertilized with conventional mineral fertilizer, while the bulbs from unfertilized plots performed the poorest (Table 6) . Similarly low bulb weights noted for the unfertilized and plots fertilized with farmyard manure might be related to the specifics of the dynamics of nitrogen release from the organic fertilizers (HEINZE et al., 2011; LAMMERTS von BUEREN et al., 2012) , which requires the modifications in terms of both agricultural practices and timing of their implementation (LEE, 2010; VIDIGAL et al., 2010; LEE et al., 2014) . Bulb weights measured from the organic plots with foliar applied bacterial fertilizer were significantly higher, however still not in the range of the conventional. The number of bulbs plot -1 was to a greater extent influenced by the applied treatments, and to a lesser extent by the season in which the experiment was conducted (Table 6 , Figure 1 ). Although the differences among the treatments were not as pronounced as for the bulb weight, the highest number of bulbs plot -1 was also obtained from the conventional and plots treated with bacterial fertilizer.
According to the results discussed by several authors (YASSEN and KHALID, 2009; FAROOQ et al., 2015) , carefully balanced combination of the type and the dose of organic fertilizer, the applied agro-technical procedures and the choice of the genotypes generally adapted to local climate, soil and other environmental conditions results in the organic onion that over-yields the conventional. The results of our investigation, especially those concerning various onion performances and the stability of these performances across the analyzed production systems, indicate that the high-yielding genotypes that are adapted to and bred for conventional environments may prove to be inferior when grown organically. In order to approximate yields of organic onions to those grown conventionally, a special attention should be paid to optimize organic onion fertilization. Therefore onion breeding programs intended to develop cultivars adapted to alternative production systems should be based on comprehensive analyses of the performances of a number of genotypes grown in complex experiments that include various combinations of sowing dates, fertilizing regimes, times of their application and other agro-technical practices relying on the principles of organic agriculture.
CONCLUSIONS
All sources of variation in AMMI model ANOVA were highly significant. For majority of the investigated onion traits the largest proportion of the total sum of squares encompassed to environments. The exceptions were emergence and bulb index, with pronounced effect of genotypes; and neck length, with pronounced effect of genotype by environment interaction. The best model was the AMMI model with two axes. Good onion performance was generally accompanied with low stability across the analyzed production systems. Hence the breeding programs intended to develop cultivars adapted to organic production regimes should be based on the experiments set in the corresponding environments including various combinations of genotypes and agro-technical procedures.
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